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Early evaluation of treatment efficacy in invasive aspergillosis (IA), a leading cause of morbidity and mortality in hematological
patients, remains a challenge. We conducted a prospective study to evaluate the performance of different markers in predicting
the outcome of patients with IA. Both clinical and biological criteria were assessed 7, 14, 21, and 45 days after inclusion in the
study, and mortality was assessed at day 60. The association between baseline data and their evolution and the day 45 response to
treatment was analyzed. A total of 57 patients (4 with proven, 44 with probable, and 9 with possible aspergillosis according to the
revised EORTC/MSG [European Organization for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative
Group and National Institute of Allergy and Infectious Diseases Mycoses Study Group] definitions) were included. At day 45, 30
patients (53%) were determined to be responders, 25 (44%) were nonresponders, and 2 were not able to be evaluated. Twenty
patients died within the 60 days of follow-up. We found that a poor day 45 outcome was associated with patients who had high
baseline serum galactomannan (GM) antigen levels and those receiving steroids at the time of IA. A consistently negative serum
GM index was associated with a good outcome, and the day 14 clinical evaluation was predictive of the day 45 outcome. No asso-
ciation was found between Aspergillus antibodies or DNA detection and patients’ outcome. We conclude that the GM index
value at diagnosis of IA, GM index kinetics, and clinical evaluation at day 14 are good markers for predicting the outcome of pa-
tients with IA and should be taken into account for adapting antifungal treatment.

Although therapeutic strategies have improved in the last sev-
eral years, invasive aspergillosis (IA) remains an important

cause of mortality and morbidity in patients with hematological
malignancies (20, 21).

Various antifungal drugs are now available, and their efficacy is
currently being evaluated, especially in combination; however, the
optimal therapy for IA is still unknown (26). One limitation is the
inability to make an early assessment of the impact of the admin-
istered treatment on patient outcome and thus to permit early
changes to the antifungal treatment.

The treatment response is usually assessed by both clinical
symptoms of IA and the evolution of radiological findings (8, 10,
11). However, fever and abnormalities during physical examina-
tion are not consistently present (24, 25), and sequential evalua-
tion of lung computed tomography (CT) scans raises some chal-
lenges. Indeed, while little is known about the evolution of a lung
CT scan in nonneutropenic patients with IA, Caillot et al. demon-
strated that the early increase in the size of the radiological lesion
attributable to aspergillosis on a CT scan was not correlated with
an unfavorable outcome in neutropenic patients (4, 5).

In this context, the use of surrogate markers that could substi-
tute for clinical events as tools to provide objective outcome mea-
sures has recently been recommended (24). However, until now,

no published studies have proposed reliable markers to be used for
this purpose (24), although some data support serial serum galac-
tomannan (GM) measurements as promising (1). In addition,
other non-culture-based laboratory assays (e.g., PCR [19] or spe-
cific recombinant antibody-based assays [23]) that need further
validation may be of some interest for assessing the therapeutic
response.

In the current prospective study, we investigated whether the
kinetics of serum GM values, PCR, Aspergillus-specific antibodies,

Received 14 April 2011 Returned for modification 9 June 2011
Accepted 1 December 2011

Published ahead of print 14 December 2011

Address correspondence to Annie Sulahian, annie.sulahian@sls.aphp.fr, or
Anne Bergeron, anne.bergeron-lafaurie@sls.aphp.fr.

* Present address: Anne Vekhoff, Université Paris 6, AP-HP, Service d’Hématologie
Clinique, Hôpital Saint Antoine, Paris, France; Muriel Cornet, Service de
Parasitologie-Mycologie, Hôpital A. Michallon, Grenoble, France; Benoit Brethon,
Université Paris Diderot, Sorbonne Paris Cité, Service d’Hématologie, AP-HP,
Hôpital Robert Debré, Paris, France.

Copyright © 2012, American Society for Microbiology. All Rights Reserved.

doi:10.1128/JCM.00750-11

0095-1137/12/$12.00 Journal of Clinical Microbiology p. 823–830 jcm.asm.org 823

http://dx.doi.org/10.1128/JCM.00750-11
http://jcm.asm.org


and sequential clinical evaluations could predict, early in the dis-
ease, the outcomes of both neutropenic and nonneutropenic he-
matological patients with IA.

MATERIALS AND METHODS
Study design. This multicenter, prospective, observational study was de-
signed to evaluate the performance of several markers in predicting the
outcomes of patients with IA. The protocol was approved by the ethics
committee of the Saint Louis teaching hospital in Paris, France. All pa-
tients provided informed consent. All consecutive patients who had
proven or probable IA according to the revised EORTC/MSG (European
Organization for Research and Treatment of Cancer/Invasive Fungal In-
fections Cooperative Group and National Institute of Allergy and Infec-
tious Diseases Mycoses Study Group) definitions between May 2005 and
February 2007 were included (9). In an appropriate clinical setting, pa-
tients with abnormalities on a lung CT scan other than those retained for
the diagnosis of IA in the revised definition, associated with a microbio-
logical criteria (i.e., positive antigen and/or mycology and not PCR or
antibodies), and for whom an alternative diagnosis was ruled out were
considered probable IA (in accordance with the 2002 definition [2, 22]).
Patients with possible IA were also included in the study if an alternative
diagnosis had been ruled out (28). A data review committee assessed the
diagnosis of IA for each case (P. Ribaud, A. Bergeron, A. Sulahian, and K.
Chagnon). Lung CT scans were reviewed by the four members of the
committee, and the conclusion was reached by consensus. The first part of
the review process consisted of the description of the lung CT scans,
blinded to mycological results. Subsequently, the committee had knowl-
edge of serum and bronchoalveolar lavage (BAL) fluid GM levels and of
the mycological examination, leading to the classification of IA as possi-
ble, probable, or proven.

The day of inclusion in the study was the first day of curative antifun-
gal treatment (i.e., baseline). Although the main endpoint for the evalua-
tion of the response was 45 days later (1), the response to treatment was
also assessed at days 7, 14, and 21, and mortality was assessed at day 60.
The response was evaluated as previously described (10). Complete re-
sponses were defined by the resolution of all clinical signs and symptoms
and more than 90% of the lesions due to IA that were visible on radiology.
Partial responses were defined by clinical improvement and greater than
50% improvement in findings on radiology. Stable responses were defined
by the absence of change from baseline or an improvement of less than
50%. Failure of therapy was defined by a worsening of the disease. Patients
with a complete or partial response were considered responders, and the
other patients were considered nonresponders. The death of patients for
whom the response could not be evaluated was also considered to be a
nonresponse. Death was attributed to IA when a progression of IA was
noted without any other identified cause of death. We chose day 45 as the
primary outcome as deaths occurring after 6 weeks are mostly due to
causes other than IA (24, 29). A data review committee assessed response
in each case (P. Ribaud, A. Bergeron, A. Sulahian, and K. Chagnon). Lung
CT scans were reviewed by the four members of the committee, and the
conclusion for each of the responses was reached by consensus.

Antigen detection technique. The GM antigen was detected using a
sandwich immunocapture enzyme-linked immunosorbent assay (ELISA)
technique (Platelia Aspergillus EIA; Bio-Rad, Marnes la Coquette, France)
(27). The results were considered positive if the index value was �0.5 in
both the serum and the BAL fluid. The serum GM was detected at baseline,
twice a week from day 0 to day 15, and then once a week until day 60. To
avoid false positivity of GM antigen due to the administration of pipera-
cillin and tazobactam, each batch of this antibiotic was tested for GM.
Only negative batches were administered to the patients of our study.

Lung computed tomography scan and fiberoptic bronchoscopy.
High-resolution lung CT scans were performed on each patient using
multidetector computed tomography scanners.

Fiberoptic bronchoscopy was performed within 24 h of the first lung
CT scan. The site of BAL was determined using the lung CT scan, and BAL

was performed using four 50-ml aliquots of sterile saline solution. An
extensive examination for pathogens was performed on the BAL fluid. A
direct examination and culture for fungi were systematically performed
on BAL fluid, bronchial aspirate, bronchial biopsy specimen, and sputum
(when available). Each patient had a single BAL.

Detection of Aspergillus antibodies. Serum antibodies were detected
at baseline and then at days 14, 28, 42, and 60. Antibodies directed against
the three major Aspergillus protein antigens, RNase, dipeptidyl peptidase
V, and mycelial catalase 1, were evaluated using ELISAs as previously
described (23). Anti-Aspergillus fumigatus IgG antibodies were evaluated
using an indirect immunoenzymatic technique (Virion AES, France). Re-
sults of �12 arbitrary units/ml were considered positive, and results of �8
were considered negative. Physicians were blinded to the antibody results.

Aspergillus DNA detection. Real-time PCR was performed on serum,
whole blood, and blood buffy coat at the same time points as GM detec-
tion. Blood was collected into sterile vacuum collection tubes. Blood buffy
coats were obtained from 7 ml of blood drawn into EDTA tubes using
Histopaque 1119 (Sigma-Aldrich, Saint-Quentin-Fallavier, France). After
a 30-min incubation with 10 units of lyticase (Sigma-Aldrich), DNA was
extracted by using the QIAamp DNA minikit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions.

A real-time PCR assay that targets the 28S rRNA gene of A. fumigatus
was performed as previously described (6) by using primers 5=-CTCGGA
ATGTATCACCTCTCGG-3= and 5=-TCCTCGGTCCAGGCAGG-3= and
the TaqMan probe 5=-6-carboxyfluorescein-TGTCTTATAGCCGAGGG
TGCAATGCG-6-carboxytetramethylrhodamine-3=. Additionally, a real-
time PCR assay that targets a consensus sequence of the 18S rRNA genes of
Aspergillus spp. was performed as previously described (14) by using
primers 5=-TTGGTGGAGTGATTTGTCTGCT-3= and 5=-TCTAAGGGC
ATCACAGACCTG-3= and the TaqMan probe 5=-6-carboxyfluorescein-TC
GGCCCTTAAATAGCCCGGTCCGC-6-carboxytetramethylrhodamine-
3=. Both real-time PCR assays were performed on an Applied Biosystems
7500 PCR system (Applied Biosystems, Foster City, CA). For quantifica-
tion, six serial 10-fold dilutions of A. fumigatus DNA were included in
each amplification run, and the PCR results were converted into pico-
grams of fungal DNA per milliliter by interpolation from the standard
dilution curve.

When no amplification was observed after 45 PCR cycles, the sample
was considered negative by PCR. The presence of PCR inhibitors was
tested in each sample with TaqMan exogenous internal positive-control
reagents (Applied Biosystems). The absence of Aspergillus DNA contam-
ination during the process was assessed by negative PCR results on the
negative controls included in each PCR set and on blood samples from
immunocompetent control subjects collected using the same vacuum col-
lection tubes (data not shown). Physicians were blinded to the patients’
PCR results.

Statistical analysis. Data are presented as frequency and percent or
median and range. The association of baseline patient characteristics and
the evolution of biological markers with day 45 response to treatment was
analyzed using Fisher’s exact tests and Wilcoxon rank-sum tests. In these
analyses, patients with an undetermined day 45 response were excluded,
but sensitivity analyses where they were treated as responders or nonre-
sponders were subsequently performed. The slope of evolution of biolog-
ical markers during the 10 days following inclusion was computed using
individual predictions from a mixed linear model. Associations between
variables at baseline were assessed by Spearman’s rank correlation coeffi-
cient or Somers’ Dxy rank correlation coefficient and Wilcoxon rank-sum
test. The association between the baseline GM index and survival up to
day 60 was analyzed using a Cox model. Patients alive at 60 days were
censored at that time. All tests were two sided, and P values of �0.05 were
considered statistically significant. Analyses were performed using R 2.6.2
statistical software (The R Foundation for Statistical Computing, Vienna,
Austria).

Bergeron et al.

824 jcm.asm.org Journal of Clinical Microbiology

http://jcm.asm.org


TABLE 1 Characteristics of patients with invasive aspergillosis

Characteristica

Data [no., no. (%), or median (range)] for:

All patients
(n � 57)

Patient(s) with IAa defined according to EORTC as:

Proven
(n � 4)

Probable
(n � 44)

Possible
(n � 9)

Female gender 27 (47) 1 (25) 22 (50) 4 (44)
Age (yr) 52 (10–78) 38 (14–52) 52 (10–78) 56 (17–64)
Disease

AML 24 (42) 1 (25) 15 (34) 8 (89)
ALL 6 (11) 0 (0) 5 (11) 1 (11)
CML 1 (2) 1 (25) 0 (0) 0 (0)
Other myeloproliferative disorder 1 (2) 0 (0) 1 (2) 0 (0)
CLL 3 (5) 0 (0) 3 (7) 0 (0)
Malignant lymphoma 8 (14) 1 (25) 7 (16) 0 (0)
MM 4 (7) 0 (0) 4 (9) 0 (0)
AA 2 (4) 0 (0) 2 (5) 0 (0)
Other 8 (14) 1 (25) 7 (16) 0 (0)

Phase: 1st CR, 1st chronic phase 28 (51) 1 (25) 24 (57) 2 (22)
Autologous HSCT 7 (12) 1 (25) 4 (9) 2 (22)
Allogeneic HSCT 23 (40) 1 (25) 20 (45) 6 (67)

If yes, reduced intensity conditioning 10 0 10 0
If yes, GVHD 17 1 15 1

Acute grade of �2 10 0 10 0
Extensive chronic 6 0 6 0

Receiving CS 31 (54) 4 (100) 26 (59) 1 (11)
If yes, dose

�0.5 mg/kg of body wt 5 (16) 1 (25) 4 (15) 0 (0)
0.5–1 mg/kg 10 (32) 1 (25) 8 (31) 1 (100)
1–2 mg/kg 14 (45) 2 (50) 12 (46) 0 (0)
�2 mg/kg 2 (6) 0 (0) 2 (8) 0 (0)

Cumulative CS dose the week before diagnosis (mg/kg) 2 (0–31) 5 (1–7) 3 (0–31) 0 (0–4)
Received immunosuppressive therapy for �1 month 20 (35) 2 (50) 17 (39) 1 (11)

Mycophenolate mofetil 8 1 7 0
CsA 16 1 14 1
ATG 2 1 1 0
Other 8 1 7 0

Leukocyte count/mm3

�100 27 (47) 1 (25) 19 (43) 7 (78)
100–500 10 (18) 2 (50) 8 (18) 0 (0)
�500 20 (35) 1 (25) 17 (39) 2 (22)

Leucopenia (�500/mm3) for more than 15 days during the last 3 months 41 (72) 2 (50) 30 (68) 9 (100)
Antifungal therapy in the last 15 days 34 (60) 3 (75) 26 (59) 5 (56)

As curative therapy 2 1 1 0
As empirical therapy 27 2 20 5
Primary prophylaxis 4 0 4 0
Secondary prophylaxis 1 0 1 0
Antifungal treatment

Amphotericin B 2 (4) 0 (0) 2 (5) 0 (0)
Liposomal amphotericin B 6 (11) 2 (50) 4 (9) 0 (0)
Voriconazole 3 (5) 0 (0) 3 (7) 0 (0)
Caspofungin 23 (40) 1 (25) 17 (39) 5 (56)
Other 2 (4) 0 (0) 2 (5) 0 (0)

Concomitant pulmonary infection 16 (28) 2 (50) 14 (32) 0 (0)
Bacterial 9 1 8
Viral 6 1 5
Fungal 1 0 1

Lung CT scan imaging
Halo sign 33 (58) 3 (75) 22 (50) 8 (89)
Air crescent sign 3 (5) 0 (0) 3 (7) 0 (0)
Cavity 5 (9) 0 (0) 4 (9) 1 (11)
Other signs 34 (60) 3 (75) 25 (57) 6 (67)

a AML, acute myeloid leukemia; ALL, acute lymphoid leukemia; CML, chronic myeloid leukemia; CLL, chronic lymphoid leukemia; MM, multiple myeloma; AA, aplastic anemia;
CR, complete response; HSCT, hematological stem cell transplantation; GVHD, graft versus host disease; CS, corticosteroids; CsA, cyclosporine; ATG, antithymoglobulin; CT,
computed tomography; IA, invasive aspergillosis.
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RESULTS
Patient population and outcome. A total of 57 patients from four
participating centers were included; 4 had proven IA, 44 had prob-
able IA, and 9 had possible IA (Table 1).

The results of the microbiological evaluation at baseline are
summarized in Table 2. Only five patients had a positive fungal
load in the serum, whole blood, or buffy coat using the A. fumiga-
tus PCR; A. fumigatus grew in cultures from the respiratory sam-
ples of only two of these five patients, but GM antigen was detected
in four of the five. Eighteen patients had a positive fungal load at
baseline in the serum, whole blood, or buffy coat using the Asper-
gillus spp. PCR; among these 18 patients, Aspergillus spp. grew in
culture from the respiratory samples of 7 patients, but GM antigen
was detected in 14 patients. Antibodies directed against RNase,
dipeptidyl peptidase V, and mycelial catalase 1 as diagnostic mark-
ers for aspergillosis were all negative. Of note, all 9 patients with
possible IA had underlying acute leukemia, versus 25% and 45%
with proven and probable IA, respectively; all had prolonged neu-
tropenia and suggestive radiological signs of IA (halo sign in 8 and
cavity in 1) but no detectable GM at baseline (Table 2).

Voriconazole alone was used as the first-line treatment in 63%
of patients (n � 36). The other first-line treatments were as fol-
lows: liposomal amphotericin B for 13 patients (23%), 4 of whom

also had caspofungin and 2 of whom also had voriconazole; caspo-
fungin alone for 3 patients; and both voriconazole and caspofun-
gin for 5 patients. At day 60, only 18% of patients were still on
first-line antifungal treatment. The median duration of the first-
line treatment was 16 days (1st to 3rd quartile, 7 to 41). Treatment
modifications were due to the progression or absence of regres-
sion of IA CT scan lesions (44%), toxicity (28%), or administra-
tion convenience (28%). Overall, only five patients did not receive
voriconazole during the first 45 days of the study. Due to these
numerous modifications, biological markers were not analyzed in
relation to treatment schedules.

At day 45, 30 patients (53%) were assessed as responders (10
had a complete response and 20 had a partial response) and 25
(44%) were nonresponders, while 2 patients were unable to be
evaluated. A total of 20 patients (35%) died within the 60 days of
follow-up, of whom only 2 died from IA; the others died from
other causes but still had IA. On the day of death, 12 of these
patients had progressive IA, 1 had a partial response to treatment,
1 had stable disease, and 4 were unable to be evaluated.

Associations between baseline characteristics and outcome.
A significant positive association was found between a poor day 45
evaluation and patients who were receiving a high cumulative dose of
prednisone the week before diagnosis of IA (Tables 3 and 4). No

TABLE 2 Laboratory evaluations at diagnosis

Parametera

No. of patients
with data
available

Data [no., no. (%), or median (range)] for:

All patients with
data available

Patients with:

Proven IAa Probable IA Possible IA

Serum GM antigen 57
Value 0.67 (0.02–�10) 2.98 (0.67–8.85) 0.81 (0.06–�10) 0.16 (0.02–0.32)
Patients with value of �0.5 30 (53) 4 (100) 26 (59) 0 (0)

BAL fluid GM antigen 29
Value 1.67 (0–9.80) 2.51 (1.00–5.54) 1.84 (0.00–9.80) 0.17 (0.07–0.24)
Patients with value of �0.5 18 (62) 4 (100) 14 (64) 0 (0)

Anti-Aspergillus antibodies 56
Value 3.2 (0.1–181) 2.6 (1.4–20.0) 3.7 (0.2–181.0) 3.2 (0.1–9.3)
Patients with value of �12 10 (18) 1 (25) 9 (21) 0 (0)

Mycological evaluation at diagnosis 45
Positive samples 28 (62) 3 (100) 25 (71) 0 (0)

BA 36 21 (58) 3 (100) 18 (69) 0 (0)
BAL fluid 37 17 (46) 3 (100) 14 (52) 0 (0)
Sputum 20 15 (75) 1 (100) 14 (74) 0 (0)

Species 28
A. fumigatus 22 (49) 3 (100) 19 (54) 0 (0)
A. flavus 0 (0) 0 (0) 0 (0) 0 (0)
A. nidulans 2 (4) 0 (0) 2 (6) 0 (0)
A. niger 2 (4) 0 (0) 2 (6) 0 (0)
Others 2 (4) 0 (0) 2 (6) 0 (0)

PCR at diagnosis
A. fumigatus real-time PCR 39

Positive 5 (13) 0 (0) 4 (14) 1 (12)
Range of positive values (pg of fungal DNA/ml) 0.86–12.2

Aspergillus spp. real-time PCR 38
Positive 18 (47) 2 (67) 10 (37) 6 (75)
Range of positive values (pg of fungal DNA/ml) 0.01–340

a GM, galactomannan; BAL, bronchoalveolar lavage; BA, bronchial aspirate; IA, invasive aspergillosis.
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association was found between the baseline level of Aspergillus anti-
bodies, the presence of a halo sign at diagnosis, or allogeneic hema-
tological stem cell transplantation (HSCT) and the outcome (Tables
3 and 4). All of these results were confirmed using sensitivity analyses.

We found no evidence of association at baseline between
serum GM antigen level and mycological evaluation (Somers’
Dxy � 0.025, P � 0.90), Aspergillus antibodies (Spearman rho �
0.007, P � 0.96), or PCR fungal load (Spearman rho � �0.02, P �
0.90 for A. fumigatus and Spearman rho � �0.14, P � 0.40 for
Aspergillus spp.).

In addition, the GM level at baseline was associated with sur-
vival at day 60 (hazard ratio of 1.25 per unit increase of GM index
[95% confidence interval, 1.10 to 1.43]).

Associations between kinetics of biological markers and the
outcome of patients at day 45. We indeed found a strong associ-
ation between the evolution of GM levels and outcome at day 45
with four profiles of evolution (Fig. 1 and Table 5).

The response rates were significantly different between the four
groups of patients (P � 0.0003). Among the 20 patients who had a
negative serum GM index at baseline and whose GM index re-
mained negative throughout the follow-up (12 patients with
probable IA and 8 patients with possible IA), 65% were respond-
ers. Among the 11 patients who had a transient negative GM index
during the follow-up and a subsequent positive GM index, 30%
were responders (all responders had a negative GM index at diag-

nosis). Among the patients with possible IA, one became positive
for serum GM antigen during follow-up (day 7) and another did
not reach the positivity threshold (0.5) but had a serum GM anti-
gen level of 0.48 at day 6.

Among the 16 patients with a positive baseline GM index that
became consistently negative during the follow-up, 87% were re-
sponders. Among the 10 patients with a positive GM index at
baseline that remained positive during the follow-up, only 10%
were responders.

We then focused on the evolution of serum GM values during
the 10 days following the inclusion to identify an early marker of
the outcome and found no association between the slope of GM
values or the area under the curve; the association between serum
GM values and the outcome was only strongly associated with the
baseline GM value.

No other association between the kinetics of any other biolog-
ical marker and the outcome of patients was found. Regardless of
the PCR method used (A. fumigatus or Aspergillus spp.), a progres-
sive increase in the fungal load was noted for 10 patients during
the 45 days of follow-up. This increase was not correlated with the
outcome. Of note, a positive fungal load was identified at baseline
in six of the nine patients with possible IA. In addition, no anti-
bodies directed against recombinant antigens were identified in
any patient at any time during the follow-up and no significant
association was found between the kinetics of anti-A. fumigatus

TABLE 3 Factors at baseline associated with day 45 evaluation for all patients

Variablea

Data [no., no. (%), or median (range)] for indicated patient(s)

Pb

Responder
(n � 3)

Nonresponder
(n � 2)

Undetermined
(n � 2)

Age (yr) 52.1 (15.6–77.8) 45.3 (9.8–71.9) 31.5 and 63.9 0.53
Patient risk category 0.29

Allogeneic HSCT 10 (33) 13 (52) 0 (0)
AL 15 (50) 7 (28) 1 (50)
Others 5 (17) 5 (20) 1 (50)

EORTC-defined IA 0.060
Proven 2 (7) 2 (8) 0 (0)
Probable 20 (67) 22 (88) 2 (100)
Possible 8 (27) 1 (4) 0 (0)

Leukocyte count of �100/mm3 at diagnosis 15 (50) 12 (48) 0 (0) 1.00
Receiving corticosteroids 11 (37) 18 (72) 2 (100) 0.014
Cumulative dose of prednisone the week before

diagnosis (mg/kg of body wt)
0.0 (0.0–11.0) 7.0 (0.0–28.0) 7.0 and 31.0 0.002

Received immunosuppressive therapy for �1 month 8 (27) 12 (48) 0 (0) 0.16
Received antimold therapy for �15 days 15 (50) 19 (76) 0 (0) 0.057
Concomitant pulmonary infection 8 (27) 8 (32) 0 (0) 0.77
Serum GM antigen value 0.4 (0.0–9.3) 1.1 (0.1–11.0) 0.2 and 4.8 0.039

Patient(s) with value of �0.5 14 (47) 15 (60) 1 (50) 0.42
BAL fluid GM antigen value 3.4 (0.1–9.8) 0.4 (0.0–7.0) 0.096

Patients with value of �0.5 10 (71) 8 (53) 0.45
Anti-Aspergillus antibody value 3.3 (0.1–181.0) 3.2 (1.0–108.0) 0.2 and 8.1 0.79

Patients with value of �12 4 (14) 6 (24) 0 (0) 0.49
Positive mycological examination of respiratory samples 13 (57) 14 (67) 1 (100) 0.55
Positive PCR Aspergillus fumigatus 2 (9) 3 (20) 0 (0) 0.36
Positive PCR Aspergillus spp 13 (57) 4 (29) 1 (100) 0.17
First-line treatment with voriconazole 22 (73) 20 (80) 1 (50) 0.75
Halo sign 19 (63) 14 (56) 0 (0) 0.59
a HSCT, hematopoietic stem cell transplantation; GVHD, graft versus host disease; AL, acute leukemia; CS, corticosteroids; GM, galactomannan.
b Fisher’s exact test or Wilcoxon rank-sum test for responders versus nonresponders.
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IgG and patient outcomes. Interestingly, four patients with possi-
ble IA had positive anti-Aspergillus antibodies during follow-up
(at day 3, 4, 6, and 6), whereas they were negative at baseline.

Sequential clinical evaluations and outcome. The clinical
evaluation at day 14 was significantly associated with the day 45
outcome, as 76% of patients who were responders at day 14 were
responders at day 45, and 73% of patients who had stable disease
at day 14 were responders at day 45. Conversely, only 17% of

FIG 1 Association between the evolution of serum galactomannan (GM) dur-
ing the follow-up and clinical response at day 45. GM��, patients with a
negative serum GM index at baseline and whose GM index remained negative
throughout the follow-up (n � 20); GM��, patients with a positive baseline
GM index that became consistently negative during the follow-up (n � 16);
GM��, patients who had a transient negative GM index during the follow-up
and a subsequent positive GM index (n � 11); GM��, patients with a positive
GM index at baseline that remained positive during the follow-up (n � 10).
95% CI, 95% confidence interval.

TABLE 4 Factors at baseline associated with day 45 evaluation after excluding possible IA

Variablea

Data [no., no. (%), or median (range)] for indicated patient(s)

Pb

Responder
(n � 22)

Nonresponder
(n � 24)

Undetermined
(n � 2)

Age (yr) 52.1 (15.6–77.8) 45.0 (9.8–71.9) 31.5 and 63.9 0.27
Patient risk category 0.64

Allogeneic HSCT 9 (41) 13 (54) 0 (0)
AL 8 (36) 6 (25) 1 (50)
Others 5 (23) 5 (21) 1 (50)

EORTC-defined IA 1.00
Proven 2 (9) 2 (8) 0 (0)
Probable 20 (91) 22 (92) 2 (100)

Leukocyte count �100/mm3 at diagnosis 9 (41) 11 (46) 0 (0) 0.77
Receiving corticosteroids 10 (45) 18 (75) 2 (100) 0.069
Cumulative dose of prednisone (mg/kg of body wt)

the week before diagnosis
0.0 (0.0–11.0) 7.0 (0.0–28.0) 7.0 and 31.0 0.018

Received immunosuppressive therapy for �1 month 7 (32) 12 (50) 0 (0) 0.24
Received antimold therapy for �15 days 11 (50) 18 (75) 0 (0) 0.13
Concomitant pulmonary infection 8 (36) 8 (33) 0 (0) 1.00
Serum GM antigen value 0.8 (0.1–9.3) 1.3 (0.1–11.0) 0.2 and 4.8 0.064

Patients with value of �0.5 14 (64) 15 (62) 1 (50) 1
BAL fluid GM antigen value 3.4 (0.1–9.8) 0.8 (0.0–7.0) 0.027

Patients with value of �0.5 10 (83) 8 (57) 0.22
Anti-Aspergillus antibody value 3.3 (1.0–181.0) 3.4 (1.0–108.0) 0.2 and 8.1 0.9

Patients with value of �12 4 (19) 6 (25) 0 (0) 0.73
Positive mycological examination of respiratory samples 13 (76) 14 (70) 1 (100) 0.72
Positive PCR for Aspergillus fumigatus 1 (6) 3 (21) 0 (0) 0.32
Positive PCR for Aspergillus spp. 8 (50) 3 (23) 1 (100) 0.25
First-line treatment with voriconazole 12 (82) 20 (83) 1 (50) 1.00
Halo sign 12 (55) 13 (54) 0 (0) 1.00
a HSCT, hematopoietic stem cell transplantation; GVHD, graft versus host disease; AL, acute leukemia; CS, corticosteroids; GM, galactomannan.
b Fisher’s exact test or Wilcoxon rank-sum test for responders versus nonresponders.

TABLE 5 Association between the evolution of serum galactomannan
during the follow-up and positive clinical response at day 45

GM evolutiona

OR (95% CI)b

All patients Possible IA excluded

GM �/� 1 1
GM �/� 3.50 (0.61–20.1) 6.50 (1.00–42.2)
GM �/� 0.23 (0.04–1.18) 0.29 (0.04–1.98)
GM �/� 0.06 (0.01–0.57) 0.11 (0.01–1.17)
a GM, serum galactomannan; GM�/�, patients with a negative serum GM index at
baseline and whose GM index remained negative throughout the follow-up (n � 20
including 8 possible IA); GM�/�, patients with a positive baseline GM index that
became consistently negative during the follow-up (n � 16 including no possible IA);
GM�/�, patients who had a transient negative GM index during the follow-up and a
subsequent positive GM index (n � 11 including 1 possible IA); GM�/�, patients with
a positive GM index at baseline that remained positive during the follow-up (n � 10
including no possible IA).
b OR, odds ratio; 95% CI, 95% confidence interval; IA, invasive aspergillosis.
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patients who had progressive disease at day 14 were responders at
day 45 (P � 0.003). A similar association was not found between
clinical evaluation at day 7 and day 45 outcome.

DISCUSSION

In this prospective study, we found the following: (i) a poor day 45
outcome was strongly associated with a high baseline serum GM
index; (ii) a consistently negative serum GM index during the
follow-up was associated with a good outcome, in contrast to ei-
ther a steady or an emerging positive GM index; and (iii) the day
14 clinical evaluation was predictive of the day 45 outcome.

Monitoring the serum GM antigen level was crucial for pre-
dicting the outcome of patients with IA. Our data prospectively
confirmed a recent retrospective study showing a strong associa-
tion between a high baseline serum GM index and a poor outcome
(15).

Several previous studies, mostly retrospective, focused on the
kinetics of GM index values during the follow-up of patients with
IA and are of two types: those that demonstrated a correlation
between a persistently positive or negative GM index and the sur-
vival outcome (16, 18, 30) and those that analyzed GM index
decay (3, 15). The first category of study showed that the survival
of patients whose serum GM index titers normalized was signifi-
cantly better than that of those whose titers remained persistently
positive (18, 30). In the second category of study, we had previ-
ously found that an increase in the GM index of 1.0 over the
baseline value during the first week of observation was predictive
of treatment failure (3). Koo et al. also found that both the GM
value at baseline and the 1-week GM decay were predictive of
mortality, independent of other risk factors for mortality and an-
tifungal exposure (15). One limitation of these studies is that they
only included patients with a positive serum GM index at diagno-
sis, whereas a significant proportion of patients with IA have a
negative serum GM index (7, 11). Similar to the results of other
studies, 47% of our patients had a negative GM index, although
the diagnosis of IA was retained. In this context, we showed for the
first time that the prognosis of patients with a negative GM index
at diagnosis was favorable; however, this outcome was less favor-
able than that of those whose positive GM index at diagnosis be-
came negative during the follow-up. We confirmed that a persis-
tently positive GM index was clearly associated with a poor
outcome (16, 18, 30). One could postulate that patients with a
persistently negative serum GM would not have IA. However,
60% of these patients had probable IA; among the other 40% with
possible IA, six of eight patients had macronodules with a halo
sign, one had an air crescent sign, and one had macronodules and
consolidation with a history of probable IA. Furthermore, all cases
were discussed in a data review committee in which particular
attention was paid to exclude any differential diagnosis.

In the current study, in contrast to the previous retrospective
studies, we could not find any association between the early mod-
ification of serum GM index values and the outcome (3, 15). One
explanation may be that a significant proportion of our patients
had a high level of serum GM at diagnosis, leading to a low prob-
ability of further increase within the days following the introduc-
tion of antifungal treatment.

Because death occurring during an antifungal treatment for IA
is frequently unrelated to IA (24), we chose to consider not only
survival but also the sequential clinical response for evaluation of
the outcome of IA. However, reliable evaluations of the radiolog-

ical response of patients with IA have to face several difficulties: (i)
in neutropenic patients, the volume of aspergillosis lesions usually
increases during neutrophil recovery (4), with a maximum at day
7 after diagnosis of IA, and then decreases after day 14 (5); (ii)
radiographic abnormalities do not necessarily reflect infection (4,
17); and (iii) the early evolution of lung CT scans in hematological
nonneutropenic patients with IA is unknown. Indeed, sequential
clinical evaluation also has some limitations but has never been
prospectively assessed in relation to the day 45 outcome. In the
current study, we found that the evaluation of the clinical response
at day 14 was associated with the day 45 outcome. Indeed, few
patients who had progressive disease at day 14 were responders at
day 45. Although this finding must be confirmed in further pro-
spective studies, we think that it is of great importance for early
adjustment of the antifungal treatment.

As recommended in our study, we included patients who had
clinical manifestations fully consistent with fungal etiology but for
whom there was no mycological evidence available, although a
reasonable attempt has been made to exclude an alternative etiol-
ogy (i.e., patients with newly defined possible IA) (9). From the
moment a well-defined category of possible IA is retained, evalu-
ation of new mycological tools (other than microscopic/culture
mycology or galactomannan) should be encouraged to reinforce
the diagnosis of IA. Indeed, we found that 66% of the patients with
possible IA had a positive PCR at baseline. We also found that
although anti-Aspergillus IgG results were negative at diagnosis in
all patients with possible IA, they became positive in 44% of these
patients during the follow-up. Further studies are needed to eval-
uate whether PCR and/or anti-Aspergillus antibodies may upgrade
the diagnosis of IA in patients with possible IA.

Due to low and transient fungal loads in blood, Aspergillus PCR
was unreliable to predict the outcomes of patients in our study. As
reported in other studies, our understanding of DNA release and
kinetics in fungal infections is still poor, and Aspergillus DNAemia
is likely to be only transient (12, 13).

The detection of antibodies, which was originally used for di-
agnosis rather than outcome (23), was not contributive in our
group of deeply immunocompromised patients. No antibody re-
sponse against Aspergillus recombinant antigens was found, and
the rates of IgG antibody responses assessed by the virion AES test
were not discriminant between responders and nonresponders
(P � 0.99).

Finally, we conclude that the GM index value at diagnosis, the
GM index kinetics, and clinical evaluation at day 14 during the
follow-up of IA are the best markers to predict the outcome in
patients and thus should be taken into account for adapting anti-
fungal treatment.
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